O n the basis of the biochemical nature of lipid rafts, composed by glycosphingolipids, cholesterol and signaling proteins, it has been suggested that they are part of the complex framework of subcellular intermixing activities that lead to CD95/Fas-triggered apoptosis. We demonstrated that, following CD95/Fas triggering, cellular prion protein (PrP C ), which represents a paradigmatic component of lipid rafts, was redistributed to mitochondrial raft-like microdomains via endoplasmic reticulum (ER)-mitochondria associated membranes (MAM) and microtubular network.
Raft-like microdomains appear to be involved in a series of intracellular functions, such as: (1) the membrane "scrambling" that participates in cell death execution pathways, (2) the remodeling of organelles, (3) the recruitment of proteins to the mitochondria; (4) the mitochondrial oxidative phosphorylation and ATP production.
In conclusion, we suggest that lipid raft components can exert their regulatory activity in apoptosis execution at three different levels: (1) in the DISC formation at the plasma membrane; (2) in the intracellular redistribution at cytoplasmic organelles, and, (3) in the structural and functional mitochondrial modifications associated with apoptosis execution.
Subcellular organelles including mitochondria, endoplasmic reticulum and the Golgi complex are involved in the progression of cell death program. Recent evidence suggests that CD95/Fas-mediated apoptosis induces scrambling of mitochondrial and secretory organelles by alteration of membrane traffic. Scrambling among different cell organelles include plasma membrane, endoplasmic reticulum as well as lysosomal vesicles. 1 For instance, the importance of endoplasmic reticulum (ER) in the apoptotic cascade has recently been investigated. 2, 3 Under ER stress, ER transmembrane receptors initiate the unfolded protein response. 4 If the adaptive response fails, apoptotic cell death ensues. This response is associated with organelle remodeling and intermixing. In the same vein, lysosomal organelles have been analyzed in different experimental settings, precisely devoted to the understanding of how certain lysosomal cysteinyl proteases, e.g. cathepsins, can contribute to the cross talk between endolysosomes and mitochondria during apoptosis. 5 More recently, the possible implications of the Golgi apparatus remodeling in the apoptosis execution has also been analyzed in detail. It was found that also this organelle participates to the complex framework of subcellular intermixing activities that lead to CD95/Fas-triggered apoptosis. 6 On the basis of the biochemical nature of lipid rafts, composed by glycosphingolipids, cholesterol and signaling proteins, it has been suggested that they are part of this traffic and can participate in cell remodeling, contributing to cell death program execution. [7] [8] [9] Although detected in various cell types, the role of lipid rafts in apoptosis has been mostly studied in T cells, where the physiological apoptotic program occurs through CD95/Fas. Previous works, including ours, identified mitochondria as possible targets for raft components and hypothesized that the rearrangement of raft-like microdomains may be involved in the mitochondrial remodeling leading to apoptosis execution phase. 7, 10, 11 Several of these insights have been provided by the analysis of the behavior of the ganglioside GD3, which can be considered as a paradigmatic component of rafts. 12 On this point, we demonstrated that GD3 can proceed from the cell plasma membrane and/or from trans Golgi network to the mitochondria via a microtubule-dependent mechanism. Thus, during cell apoptosis, microtubules may be used as tracks to direct intracytoplasmic transport of lipid raft glycosphingolipid(s) to mitochondria. This transport may be regulated by the Cytoplasmic linker proteins-59 (CLIPR-59) a new CLIP-170-related protein, involved in the regulation of microtubule dynamics. 13 Since CLIPR-59 is not only associated with the plasma membrane, but is also targeted to trans Golgi network membranes, it may regulate both plasma membrane and trans Golgi network interactions via microtubules. CLIPR-59 may facilitate rafts/microtubules interaction following anti-CD95/ Fas treatment supporting the view that CLIPR-59 is involved in intracellular trafficking, acting as a chaperone molecule allowing a fast and prompt interaction between GD3 and cytoskeletal proteins. Since microtubules are assembled by polymerization of Tubulin hetero-dimers composed of a-and β-Tubulin, 14 we showed by FRET and co-immunoprecipitation analyses that a direct GD3-tubulin interaction can effectively take place. 8 Thus, microtubules may represent the directional network by which glycosphingolipids, which represent key signaling molecules during receptor-mediated apoptosis of T cells, can move and re-distribute inside the cells. Once in the mitochondrial membrane, they could contribute to the cascade of events leading to apoptosis execution and cell demise.
Further insight in the knowledge of the dynamics of mitochondrial raft-like microdomains in cell apoptosis derives from the analysis of traffic of the cellular prion protein (PrP C ), an ubiquitous GPI-anchored protein, which represents a further paradigmatic component of lipid rafts. 15 In particular, we demonstrated that, following CD95/Fas triggering, PrP C was redistributed to raft-like microdomains at endoplasmic reticulum (ER)-mitochondria associated membranes (MAM) as well as at mitochondrial membrane. 16 Thus, our data identified PrP C as a new component of mitochondrial raft-like microdomains in cells undergoing CD95/Fas-mediated apoptosis, suggesting that PrP C could undergo intracellular re-localization via mitochondria-associated membrane (a sub-region of the endoplasmic reticulum that facilitates crosstalk between the ER and mitochondria) and microtubular network. Usually, PrP C is anchored at the cell surface via a GPI moiety. 17 However, this protein has also been found associated with many intracellular compartments. In fact, recent evidence revealed the association of PrP C with lipid microdomains on the ER 18 as well as with the cytoskeleton network.
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Since the ER-mitochondria associated membranes (MAM) represent an ER subcompartment connected to the mitochondria, and since they display the characteristics of lipid rafts, [20] [21] [22] we investigated whether PrP C may be present in this compartment. Our immunoelectron microscopy observations revealed that PrP C was actually present in both MAM and mitochondrial membranes. Moreover, when we analyzed the PrP C intracytoplasmic trafficking in CD95/Fas treated cells, we found that microtubular networkperturbing agent demecolcine impaired either mitochondrial re-localization of PrP C or apoptosis induction. Hence, we hypothesize that microtubules could play key roles in the intracellular directional re-distribution of PrP C as well as in the recruitment of this small polypeptide to the mitochondrial compartment following CD95/Fas triggering. 16 On the basis of these findings, including results obtained by using agents capable of disrupt lipid rafts, we can suggest that raft-like microdomains can actually exert a role in the trafficking pathways associated with cell death and actively participate to the structural and biochemical remodeling leading to injury and apoptotic cell death program execution ( Table 1) . In particular, a part from their well known role at the plasma membrane as chambers with catalytic functions, these microdomains appear to be involved in a series of intracellular functions, such as: (1) the membrane "scrambling" that participates in cell death execution pathways, (2) the remodeling of organelles, e.g. changes of curvature in mitochondria, (3) the recruitment of proteins to the mitochondria, including molecules associated with mitochondrial fission; 9 (4) the mitochondrial oxidative phosphorylation and ATP production, 23 and, furthermore, (5) they seem to act as signaling tags in cytoplasmic directional movements and remodeling, contributing to cell polarization and to the intracytoplasmic redistribution of organelles, including mitochondria. 24 On these bases, we suggest that lipid raft components could exert three different regulatory activities in apoptosis execution: (1) in the DISC formation at the plasma membrane; 25, 26 (2) in the intracellular redistribution at cytoplasmic organelles, 16, 22 and, (3) in the structural and functional mitochondrial modifications associated with apoptosis execution. 7, 11 
